The discovery of high temperature superconductivity (HTSC) in the iron arsenide pnictides [1] renewed the interest in the relationship between magnetism and superconductivity (SC). Similar to the cuprate HTSC [2] [3] [4] and several heavy fermion superconductors [5] , SC emerges here in close proximity to an antiferromagnetic (AF) or spin-density-wave (SDW) state [6] [7] [8] . Within the so-called underdoped (UD) regime of the phase diagram it was even found that SC sets in already before static magnetism is suppressed [8] [9] [10] [11] . These observations have reinforced speculations that the magnetic and SC orders are intimately related and that spin fluctuations may be at the heart of the SC pairing mechanism [12] . Nevertheless, it has been questioned whether the magnetic and SC orders truly coexist and interact on the nanometer length scale. For example, it has been argued that they occur in adjacent but different regions of the phase diagram [13] and only coexist in samples that are spatially inhomogeneous with segregated magnetic and SC phases [14] .
Here we present muon spin rotation (µSR) and infrared (IR) spectroscopy measurements which establish that in UD BaFe 1.89 Co 0.11 As 2 the magnetic and SC orders are bulk phenomena which compete for the same electronic states.
The BaFe 1.89 Co 0.11 As 2 single crystals were grown from self-flux in glassy carbon crucibles and their chemical composition was determined by energy dispersive X-ray spectroscopy (EDX) as described in Ref. [15] . The resistivity, ρ(T ), and the dc magnetization data as shown in Fig. 1 yield a sharp SC transition with a midpoint at T c = 21.7 K. The anomalous upturn in ρ(T < 50 K) is characteristic of an UD sample with a structural transition at T s ≈ 50 K and a related magnetic one at T mag ≤ T s [8, 16, 17] .
The µSR experiments on a mosaic of crystals were performed at the GPS instrument at the πM3 beamline of the Paul Scherrer Institut (PSI) in Villigen, CH, which provides a 100% spin polarized muon beam. µSR measures the time evolution of the spin polarization, P (t), of the implanted muon ensemble using the asymmetry, A(t), of the muon decay positrons [18] . The technique is well suited to studies of magnetic and SC materials, as it allows a microscopic determination of the internal field distribution and gives direct access to the volume fractions of these phases. The positive muons are implanted into the bulk of the sample stopping at interstitial lattice sites [19] within a 100 − 200 µm thick layer. Each muon spin precesses in the local magnetic field, B µ , with a precession frequency of ν µ = γ µ · B µ /2π, where γ µ = 2π · 135.5 MHz/T is the muons gyromagnetic ratio.
For the IR spectroscopy measurements we used freshly cleaved crystals from the same growth batch. Details of the applied reflection and ellipsometry techniques and the data analysis are described in Ref. [20] which reports corresponding measurements on optimally doped (OP) BaFe 1.87 Co 0.13 As 2 . Since the probe depth of the IR light exceeds 100 nm, the IR spectra yield the bulk electronic properties. In particular, they enable one to access the fraction of low-energy electronic states that become gapped and participate in the SC condensate [20, 21] .
The results of the µSR experiments are summarized in Fig. 2 . The zero-field (ZF) µSR spectra in Fig. 2(a) establish that static magnetism develops below ∼ 40 K. They have been fitted (solid lines) with the function,
where the two terms account for the fast (f) and slowly (s) depolarizing parts of the signal, respectively. The rapid depolarization of P(t) at low T without a trace of an oscillation suggests that the magnetic state is either incommensurate or strongly disordered. The IR data shown below support an incommensurate spin density wave (SDW). The low-T value of λ f ZF ≈ 8 µs
yields an estimate of the average local field of B ZF µ ≈ Λ ZF /γ µ ≈ 10 mT which is around 5 % of the value in undoped BaFe 2 As 2 [7, 22] . The amplitude of A f ≈ 0.7 confirms that the magnetic volume fraction is at least 70 %. However, it is likely to be even higher since B ZF µ is not likely to be orthogonal to P (t = 0). This magnetic volume fraction has been more accurately determined from the transverse-field (TF) µSR data as shown in Fig. 2(b) where the direction of the external field of H ext = 300 mT is well defined. The TF-µSR spectra were fitted with the function:
At 100 K there is only a weak depolarization of the oscillatory signal which typically arises from nuclear moments. At 25 K and 5 K the major part of the signal depolarizes very rapidly due to the presence of static electronic moments. At both temperatures we obtain the same amplitudes of A f ≈ 0.92 and A s ≈ 0.08 that are characteristic of a bulk magnetic state. The latter is in fact well accounted for by the background of muons that stop in the sample holder or the cryostat shields and windows. Our TF-µSR data therefore provide compelling evidence for a magnetic phase that occupies more than 90% (likely even 100%) of the volume. This bulk magnetic state may be strongly disordered and exhibit a large spatial variation of the magnitude of the moments. Nevertheless, since the magnetic stray fields away from regions with AF or SDW order are known to rapidly fall off on the scale of a few nanometers, any non-magnetic regions must be extremely small and well intermixed with the magnetic ones.
The T -dependence of the magnetic order is detailed in Fig. 2 f . There is also a weak, yet noticeable increase of λ T F f above T mag which is likely due to a fluctuating magnetic state as discussed below in the context of the IR data. The most remarkable feature is the anomaly at T c = 21.7 K below which λ T F f decreases again. This observation agrees with a previous neutron diffraction study which revealed a similar SC-induced reduction of the intensity of a magnetic Bragg peak [10, 11] . The neutron data exclude a reorientation of the magnetic moments or a change in their periodicity. However, they cannot distinguish between a SC-induced reduction of the order parameter amplitude and a decrease of the magnetic volume fraction [11] . Our µSR data provide this additional information and thus help to identify the scenario of a SC-induced reduction of the bulk magnetic order parameter.
Our µSR data also confirm the bulk nature of SC. Fig-FIG. 3 . T -dependent spectra of (a) the FIR reflectivity, R (ω), and (b) the in-plane optical conductivity, σ1 (ω), of BaFe1.89Co0.11As2 with Tc = 21.7 K. Solid circles show σ dc as obtained from Fig. 1(a) .
ure 2(d) displays a so-called pinning experiment which demonstrates that a bulk SC vortex lattice develops below T c [4, 23] . It shows so-called µSR-lineshapes, as obtained from a fast-Fourier transformation of the TF-µSR time spectra, which detail the distribution of the magnetic field probed by the muons, p (B µ ). The first measurement (blue squares) has been performed directly after field-cooling (fc) the sample to 5 K at H ext = 300 mT. Before the second measurement (green triangles) H ext was reduced by 5 mT to 295 mT. Finally, H ext was reduced by another 5 mT to 290 mT before the third measurement (red circles). The lineshapes consist of a weak, narrow peak which corresponds to the background muons that stop outside the sample and a dominant, broad peak which arises from the muons that stop inside the magnetic sample. The weight of these peaks agrees with A f ≈ 0.92 and A s ≈ 0.08 as obtained from the time spectra. The striking result is that the broad part of the µSR lineshape remains fully pinned, while only the narrow peak is following the changes of H ext . This behavior highlights a complete pinning of the magnetic flux density in the sample which is the hallmark of a bulk type-II superconductor. While the pinning centers are regions where SC is reduced or even vanishing, for the SC vortices to be rigid and the pinning to be effective, the majority of the volume must be SC. The circumstance that the entire sample is at the same time in a magnetic state, is manifested by the broadening of the µSR lineshape which is much larger than expected for a SC vortex lattice [24] [25] [26] .
Our IR data in Fig. 3 confirm the bulk nature of SC. Similarly as previously reported for OP samples [20, 27, 28] , they reveal characteristic SC-induced changes due to the formation of a bulk SC state with multiple and nearly isotropic BCS-like energy gaps [20] . Notably, the reflectivity, R (T ≪ T c ), approaches unity around 50 cm −1 and the real part of the optical conductivity, σ 1 (T ≪ T c ), has a pronounced lower gap edge around 50 cm −1 below which it vanishes within the accuracy of the data. This highlights that the vast majority of the low-energy electronic states is captured by the SC energy gap(s) and participates in the SC condensate. The so-called Ferrell-Glover-Tinkham sum-rule requires that the spectral weight, SW (Ω) = 120 π Ω 0 σ 1 (ω) dω, with σ 1 (ω) in units of Ω −1 cm −1 , remains unaffected by the SC transition for Ω ≥ 6 − 10 ∆ SC [29] . Accordingly, the so-called missing SW due to the gap-like suppression of the regular part of σ 1 is transferred to a δ-function at the origin which accounts for the loss-free response of the SC condensate. Its weight,
, with the condensate density, n s , effective mass, m * , and magnetic penetration depth, λ ab , can be deduced either from the missing SW in σ 1 , or likewise from the inductive response in the imaginary part with σ [20, 21] . For our UD sample we obtain λ ab ≈ 305(10) nm corresponding to a value of n s that is reduced by about 20 % as compared to OP BaFe 1.87 Co 0.13 As 2 with λ ab ≈ 270 nm [20] . Figure 4 shows that our optical spectra also contain the signatures of the SDW state and its competition with SC. Similar to other SDW systems [30] , including undoped BaFe 2 As 2 [31] , a part of the low-energy SW is transferred to higher energy where it gives rise to a pair breaking peak (PBP) near the gap edge at 2∆
SDW . This PBP shows up in Fig. 4(a) as a broad maximum in ∆σ 1 = σ 1 (25 K)−σ 1 (50 K) for the UD sample (red line). For the OP sample (blue line) it is absent and ∆σ 1 only reveals the signatures of a narrowing of the Drude-response. Assuming that in the UD sample the Drude-response is subject to a similar narrowing, we subtracted this contribution to single out the changes due to the SDW (green line). This reveals a broad maximum corresponding to 2∆ SDW ≈ 200 − 300 cm −1 which, similar to T mag ≈ 32 K and T s ≈ 50 K, is reduced by ∼3-4 times as compared to undoped BaFe 2 As 2 with 2∆ SDW ≈ 900 cm −1 and T mag = T s = 138 K [31] . In agreement with the magnetic order parameter as deduced from µSR, we obtain a SW of the broad maximum due to the PBP of ∼25000 Ω −1 cm −2 which is around 5 % of the value in BaFe 2 As 2 [31] . The T -dependence of the PBP is detailed in Fig. 4(c) which compares the evolution of the SW between 600 and 1400 cm −1 , SW 600−1400 , in the UD and OP samples. In the latter, SW 600−1400 decreases monotonically towards low T with no anomaly at T c . For the UD sample, clear deviations occur at low T which signify that the PBP gradually develops below T s ≈ 50 K as defined by the anomaly of ρ(T ) in Fig. 1 . There is some extra increase below T mag ≈ 32 K, but this is rather small as compared to the one of λ T F in Fig. 2(c) . This discrepancy may be resolved in terms of a precursor SDW which develops already below T s as predicted e.g. in Ref. [32] . Figure 2(c) shows indeed a weak, yet significant increase of λ T F below about 50 K which is compatible with a precursor SDW that fluctuates on the microsecond time scale (but is quasi-static on the sub-picosecond scale of the IR experiment). Finally, the decrease of the PB peak below T c = 21.7 K resembles the one of λ T F in Fig. 2(c) and confirms that the SC and SDW orders are competing for the same low-energy electronic states. We remark that this reduction of SW 600−1400 cannot be directly caused by the formation of the SC energy gap. This is evident from Fig. 4(b) where ∆σ 1 = σ 1 (5 K)−σ 1 (25 K) for the OP sample (where ∆ SC is even slightly larger than for the UD one [20] ) essentially vanishes above 600 cm −1 . As compared to the SW of the SC condensate of SW δ ≈ 7 * 10 5 Ω −1 cm −2 , the SW of the SDW thus amount to only ∼3-4 % above T c and <2 % at T ≪ T c . The SDW state, while it occupies the entire sample volume (as shown by µSR), thus involves only a very small fraction of the electronic states in the vicinity of the Fermi-level. These trends are indeed consistent with the scenario of spin fluctation mediated SC where the competing SDW and SC orders are separated in momentum space [33] . The SDW develops here only in those parts of the Fermi-surface where the nesting condition overcomes a critical threshold. These regions are shrinking as a function of Co-doping and the SC pairing, which is determined by the averaged spin susceptibility, becomes strongest just as the SDW finally dissapears.
In summary, we performed µSR and IR experiments on weakly underdoped BaFe 1.89 Co 0.11 As 2 which establish that superconductivity and static magnetism coexist and compete on the nanometer length scale. In particular, our combined data establish the bulk nature of the superconducting and magnetic orders and show that these compete for the same electronic states. The magnetic order below T mag ≈ 32 K is likely due to an incommensurate SDW of which a fluctuating precursor develops already below the structural transition at T s ≈ 50 K. While this SDW occupies the entire sample volume, it involves only a small fraction of the electronic states.
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